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Introduction

« (Goal — estimate large angle neutral kaons and
neutrons yield from proton-heavy nucleus
interaction at 8 — 24 GeV/c

* There are no enough experimental data in this
energy-angle range to make model independent
calculation

* Model can be verified using other data:

charged kaon and proton production in proton
nucleus collision and proton-proton
measurements



Large angle neturon production in proton-nucleus
interaction and LAQGSM

LAQGSM is Los Alamos version of the
Quark-Gluon String Model LAQGSM and ITEP data

LAQGSM is implemented into MARS
code system. It is possible to simulate
thick target production.

LAQGSM agree well with ITEP data on
large angle neutron production at
p>300 MeV/c

There are no other published large 05F e
angle neutron production data at high S
energies : .
Proton and neutron production are in ’
close relation

If LAQGSM describes well large angle 0%}
proton data it could be applied to :
prediction of neutron yield

All LAQGSM results in this
presentation were obtained using T
MARS-LAQGSM, not with the original 01 02 03 04 05 06 07 08 09 1
LAQGSM' momentum (GeV/c)

Neutron production in p-Pb collision at 7.5 GeV/c
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Simulations vs Test Beam Measurements (BNL-E926, 24
GeV/c protons on10 cm platinum target)

Integral number of neutron (1/proton/usr) above threshold

10 MeV | 50 MeV 100 MeV | 300 MeV 830 MeV
GFluka 1.11 0.71 0.49 0.07 0.005
Fluka 0.99 0.62 0.45 0.13 0.02
LAQGSM 2.08 1.04 0.71 0.26 0.042
Experiment 2.52 2.10 1.81 1.1 0.43

10 MeV 50 MeV 100 MeV | 300 MeV 830 MeV
GFluka 1.03 0.63 0.42 0.05 0.002
MCNPX 1.72 0.68 0.45 0.11 0.002
Fluka 0.90 0.53 0.37 0.07 0.005
LAQGSM 1.86 0.83 0.53 0.16 0.017
Experiment 1.66 1.26 0.98 0.38 0.064

38.5 degree

46.5 degree



Ed%s/dp® (mb/GevZ/c®)

Proton production in proton-nucleus
interaction and LAQGSM
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Ed%/dp® (mb/GevZc®)

Proton production in proton-nucleus
interaction and LAQGSM
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Neutron production in proton-proton
interaction

Nuclear Physics B135 (1978) 379404 388 V. Blobel et al. { Inclusive neutron and lambda production
© North-Holland Publishing Company

12 GeVlce PP—=nX PP—AX 24 GeVie

T T T T

1

S0F p, [Gevic] 15 50 | P, lGeic]
h 5
20+ | 12 20! 12
INCLUSIVE NEUTRON AND LAMBDA PRODUCTION IN 10} 0075 1 10 % b
PROTON-PROTON INTERACTIONS AT 12 AND 24 GeV/e 5 %QM {05 51 Jos
0.2 ]
Bonn—Hamburg-Miinchen { MPI) Collaboration O oz 9 1 %g L 02 4? 2
, 5 105 5} 105
V.BLOBEL ', H. FESEFELDT %% H. FRANZ %, W.M. GEIST *%, 2 02 2} c% {02
K. VON HOLT ?, U. IDSCHOK * and N. SCHMITZ ? 03 0.1 10F 4, n
5 ” 05 5 F o 105
Received 15 September 1977 ! 2 1 -
(Revised 27 December 1977) P 0 Qi‘: 8 1 f v 812
T [ g 3 A,
‘E g} 04 @ 05 5 F 0.4 ’0.5
o ) _ > 2 Lo 0.2 213 % 102
A method for the determination of neutron spectra in a bubble chamber experiment 8 1 b? 01 7] 9] 01
is developed. Double differential cross sections for inclusive neutron and lambda produc- - 05 - ] 4 o 05 g 1 ﬁ 705
tion are presented. The n/A particle ratios are determined as functions of x and p; at 'g 2 ::uz 2 -
1 = 0 GeV/e they are compatible with the ratios measured in pCu interactions at — 1 } - 02
24 GeV/e. Our neutron spectra are compared with spectra for protons produced near the \} 0.1 1 0.1
direction of the incident neutron in pn interactions at FNAL and with neutron spectra LHla 05 g v 1005 05 10.05
din pp i ions at the ISR. Exch hanisms are studied in the frame- L) 0.2 2 0.2
work of single diffraction dissociation and the triple-Regge model. The scattering of w Y 40.1 1 0.1
virtual pions and kaons on real protons is investigated. Q. % 10.05 05 005
) %12 02 0.02
3 1
1. Introduction g .#\“. 005 as 0.05
It is well known that the mechanism of single diffraction dissociation, mediated -0z 0.8 rﬁ t-g?z Qf %?2
by the exchange of the pomeron trajectory, gives a large contribution to inclusive 05 ] 0'05 0s 0‘05
proton production in pp interactions, Such a process favours proton emission near 0.2 1) ] 0'02 02 N
the longitudinal phase-space boundaries. Contributi of other hani behave 0 N k001 01 gg‘z
as a relatively flat background. As the pomeron does not couple to the pn and pA 05F 10 T a5 4
y A N 005 0,05
vertices, the inclusive reactions 02 {002 2 0.02
pp—+nX, (1) 01 10. a (1]
0.05 \ 10.005 005 0.005
0.02}+ nx Infll scale | 0.002 0.02 e 1o 002
! Deutsches Elck Synchrotron DESY, Hamburg, and IL Institut far Experimentalphysik ~4- AX  right scale J L—l\!- AX  righ scale |
der Universitit Hamburg, Germany. ebtoalenbedenleie
2 Max-Planck-Institut fils Physik und Astrophysik, Minchen, Germany. o 05 10 0 05 10
3 Physikalisches Institut der Universitit Bonn, Germany. -
4 Now at IIL Physikalisches Institut der Technischen Hochschule Aachen, Germany. x=2 P:l' y’rs_

5 Now at IABG, Miinchen-Ottobrunn, Germany.
6 ; " . . . . .
Now at CERN, Geneva, Switzerland. Fig. 5. Invariant differential cross sections of neutrons and lambdas as functions of x and pp.

For neutrons and lambdas use the left and right scale respectively, which are shifted relative to

379 each other by one decade. The curves are drawn to guide the eye.



Neutron production in proton-proton
interaction
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Neutron spectra with 7 cm lead filter
and without filter
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Ratio of neutron spectra at 24 GeV/c
and 8 GeV/c
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Neutral kaon production in proton-
nucleus interaction and LAQGSM
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Charged kaon production in proton-
nucleus interaction and LAQGSM
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LAQGSM vs Kapinos-|
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LAQGSM vs Kapinos-l|

LAQGSM and Kapinos
predictions are in acceptable
agreement at 24 GeV/c and
large angle

LAQGSM Monte Carlo scores
particles in much large angular
bins than 500 usr. It could be
origin of difference at small
angles where x-section rises
very fast

LAQGSM predicts much larger
number of neutral kaons than
Kapinos model at 8 GeV/c
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Neutral kaon production in proton-proton
Interactions
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Neutral kaon production in proton-proton

Interactions
Extrapolation of Berger et al fit => 24 gog ]
to 8 GeV/c x-section ratio is about 2.9 E
at the same x (0.2-0.6 range) ool Pt
Due to x¢ difference this ratio reduces s | 24 GeVE
about 15% at 0.5 GeV/c and 45 P S S
degree (near energy spectra ¢ 22388
maximum) §
From proton-proton data we can § ,
estimate x-section 24/8 ratio. For c
neutral kaon momentum of 0.5 GeV/c &1
and 45 degree 24/8 ratio is about 2.2 :
Experimental error of extrapolation is TS e S T

very large ~ 50%
Kapinos 24/8 ratio is about 1.3 at 45
degree near maximum

LAQGSM 24/8 ratio is about 3.3 at 45
degree near maximum
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pinGeV/c
Feynman scaling prediction at 45 degree
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Neutral kaon production from 10 cm platinum target (with 7 cm lead shield)
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Neutral kaon/neutron ratio at 24 and 8
GeV/c
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Conclusions

LAQGSM agrees well with data on neutron/proton production at
large angles and heavy target

LAQGSM are in good agreement with data on neutral/charged kaon
production at 12 and 14.6 GeV/c

LAQGSM are in acceptable agreement with Kapinos model of
neutral kaon production at 24 GeV/c and large angels

LAQGSM and Kapinos models differ about 2.5 times at 8 GeV/c

Extrapolation of proton-proton data to 8 GeV/c is closer to LAQGSM,
but errors are too big to make definite conclusion

Comparison with another codes (FLUKA, FRITIOF, UrRQMD ...)
Is needed to verify neutral kaons yield at 8 GeV/c

MARS-LAQGSM simulations predict that neutral kaon/neutron ratio
at 8 GeV/c and 45 degree is about 2 times smaller than at 24 GeV/c
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Neutron production in proton-proton
interaction
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Protons on 10 cm platinum target. Neutron
flux (1/cm?4/10'2 protons in target)

8 GeV/c 24 GeV/c

Kinetic energy of neutrons > 294 MeV < momentum > 800 MeV/c



Protons on 10 cm platinum target. Gamma
flux (1/cm?4/10'2 protons in target)

8 GeV/c 24 GeV/c

Kinetic energy of gammas > 294 MeV



Protons on 10 cm platinum target. Electron
flux (1/cm?4/10'2 protons in target)

8 GeV/c 24 GeV/c

kinetic energy of electrons > 294 MeV



Protons on 10 cm platinum target. Proton
flux (1/cm?4/10'2 protons in target)

8 GeV/c 24 GeV/c

kinetic energy of protons > 294 MeV



Protons on 10 cm platinum target. Charged
mesons flux (1/cm?4/10'2 protons in target)

8 GeV/c 24 GeV/c

kinetic energy of mesons > 294 MeV



Ratio of neutron spectra with 7 cm lead
filter and without filter
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